The Impact of FAS 123R on Risk- Taking Well-known firms such as Google or Facebook are still being led by their founder. Previous research shows that performance differs between firms led by their founder and non-founder led firms. However, findings with respect to differences in innovation between founder-led and non-founder-led firms are scarce. Mao and Zhang (2018) show for agent CEOs that managerial risk-taking incentive has a positive effect on innovation and however, without establishing causality, Lee et al. (2016) focus on the relationship between founder CEOs and innovation and concludes that founders are more efficient innovators compared to agent-CEOs. The purpose of this paper is to fill this gap and investigate whether and how the risk-incentive (VEGA) of founder-led-firms innovations differs from the innovation activity in CEO-led-firms. Building on Manso (2011), we specifically investigate stock options as part of managerial compensation to motivate risk-taking, which is essential for uncertain investments in the innovation process. Thus, we contribute to the literature by adding empirical results to the founder-innovation relation and in particular, how their risk-taking incentives derived from compensation components affect firm innovation. To establish causality, we exploit a change in the accounting treatment of stock-based compensation under FAS 123R. By the end of fiscal year 2005, the new accounting regulation requires all firms to expense the value of employee stock options at the fair value. We study whether changes in the accounting of options lead to changes in risk-taking behavior and consequently innovations. This setting allows us to apply difference-in-differences setup. We estimate the difference between founder-led firms that respond relatively stronger to the accounting regulation (treatment group) and firms that were not affected that strongly by FAS 123R (control group). We construct our sample with information on executive compensation from ExecuComp, firm characteristics from Compustat and patent data from the National Bureau of Economic Research (NBER), the Fung Institute, and the United States Patent and Trademark Office (USPTO) (Balsmeier et al., 2017) . Our final sample consists of founder-and agent-led firms in the manufacturing sector during 2001 -2008. In line with Hayes et al. (2012) and Mao and Zhang (2018), we first show that the use of stock option decreases after FAS 123R. This provides insights into changing risk-taking incentives. Further, we confirm the notion, that there is a significant, positive relationship between risk-taking incentive and innovation output. We compare founder-with agent-led firms to show that the former are worth considering. The results of the comparison indicate a significant difference between these groups. Our first results suggest that the risk-incentive of both agent-and founder-CEOs is positively associated with innovation. We find a positive correlation between VEGA on innovation input and output. However, founder-led firms are a special type of a firm and consequently, the typical founder is different from an agent CEO. It may be possible that founders may consider R&D investments more thoroughly and therefore, be less related to risk than in firms led by agent CEOs. Furthermore, it can be argued that founders ?make more of nothing? as we all know the founding and salary histories of e.g. Google and Facebook. CEOs to engage in risk-taking behaviour and that these were significantly reduced as a result of FAS 123R. Secondly, we find that innovation activities of the observed firms are significantly declining due to the reduction of the option compensation and the associated reduction in VEGA of founder-CEOs. Finally, our Difference-in-Differences approach suggests that there is a causal relationship between CEOs risk-taking and innovation output. Our results imply that in even founder-led firms it is important to incentivize founders' risk-taking behavior in order for firms to continue to innovate and remain competitive. JEL-Codes: G30, G32, G38, D80, O31
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The Impact of FAS 123R on Risk-Taking:
Founder-CEOs and Innovation
Introduction
Well-known firms and innovators such as Amazon and Facebook are still being led by their founders. Both researchers and practitioners are interested in understanding the effects of founder-CEOs on firm-level outcomes. Previous research has shown that firms led by their founders versus firms led by non-founders differ in their investment choices, decision-making processes, governance structure, firm behavior, and thus, performance (Fahlenbrach, 2009; Jayaraman, Khorana, Nelling, & Covin, 2000) . According to Fahlenbrach (2009) founder-led firms achieve better stock market performance and higher market valuation than non-founderled firms. However, findings on founder-led firms with respect to differences in innovation are scarce. To the best of our knowledge, the paper by Lee, Kim and Bae (2016) is the only one that focuses on the relationship between founder-CEOs and innovation, and it concludes that founders are more efficient innovators compared to non-founder-CEOs (which we also refer to as agent-CEOs).
Innovation is a key driver of a firm's future competitiveness and performance and, thus, it is of outstanding importance for the firm. Yet, innovation requires a firm to commit resources. Smith and Stulz (1985) argue that in order to incentivize risk-averse managers to take on risk, firms' financial decisions and compensation contracts should ensure managerial wealth to be a convex function of firm value. The optimal innovation motivation in the context of managerial compensation was investigated by Manso (2011) , who found that stock options are a common offering in compensation contracts. Stock options increase the convexity of mangers' payoffs and, therefore, provide an incentive for managers to take more risk by raising the sensitivity of managerial wealth to firm risk (VEGA; Hall & Murphy, 2003) . Consistent with this suggestion, prior studies have stated that high VEGA leads to higher-risk investments. Yet, these incentives to promote innovation, which primarily have been studied in the context of agent-CEOs, may not be effective for motivating founder-CEOs.
There are differences in the characteristics of founder-CEOs and non-founder-CEOs, and these differences may support innovation activities and processes known as being risky and idiosyncratic (Holmstrom, 1989) . Hence, it is likely to assume that there is (almost) no need to motivate founder-CEOs to invest in innovation activities. By having already built a large firm, founders have proven their entrepreneurial view (Langlois, 2007; Le Breton-Miller, Miller, & Lester, 2011) . They are the initial visionary of the company and consider their company as a personal life achievement. Founder-CEOs typically hold larger equity stakes of their firms compared to agent-CEOs (Fahlenbrach, 2009) , and founder-CEOs also tend to be more risk tolerant than agent-CEOs (Eisenmann, 2002) . Lee et al. (2016) conclude that founder-CEOs constantly tackle new projects and invest in exploration that will pay off in the long term. Further, Lee et al. (2016) state that in comparison to non-founders, founders more likely take a long-term perspective.
The purpose of this paper is to gain further understanding how founder-CEOs are incentivized to take risks and how this relates to innovation. Specifically, we investigate whether and how the risk incentive (VEGA) of founder-led firms drives innovation. Therefore, we investigate stock options as part of managerial compensation to motivate risk-taking, which is essential for uncertain investments in the innovation process. Following the literature on stock options (e.g. Agrawal & Mandelker, 1987; Coles, Daniel, & Naveen, 2006) , we investigate the relationship between the sensitivity of the founder-CEO's wealth in options to a unit change in volatility (VEGA). This is in line with the findings by Lerner and Wulf (2007) that more long-term incentives, such as stock options, are associated with greater patent counts and a higher numbers of citations per patent.
Previous empirical work has been successful in finding an association between compensation and innovation but not in establishing causality. Hence, a major challenge in existing literature on (founder-)CEOs and innovation is to get exogenous variation in CEO compensation and, thus, an indication for managers' incentives for risk-taking. Findings are limited due to major challenges with endogeneity that are first attributable to the CEO compensation and founder status and second to unobservable firm heterogeneity, which is likely to be correlated with both compensation and innovation.
To establish causality, we exploit a change in the accounting treatment of stock-based compensation under FAS 123R. The FAS 123R was implemented by the Financial Accounting Standard Boards (FASB) in 2005 and requires all firms to expense the value of employee stock options. Under FAS 123R, companies are required to subtract the expense of stock options from their earnings, whereas prior to its adoption, stock options provided a financial reporting benefit, whereby firms were allowed to expense stock options at their intrinsic value instead of their fair value. Carter, Lynch and Tuna (2007) conclude that this special accounting treatment of stock options prior to FAS 123R affected their use; thus, the implementation of FAS 123R eliminated any accounting advantages that were previously associated with stock options. Therefore, the implementation of FAS 123R can be viewed as an exogenous shock to the accounting requirements for using stock option compensation, but there is simultaneously no effect on the actual (economic) benefit of stock options (Hayes, Lemmon, & Qiu, 2012) . We study whether changes in the accounting of options led to changes in risk-taking behavior and, consequently, innovations. Following related studies, we estimate the difference between founder-led firms that responded relatively more strongly to the accounting regulation by heavily reducing stock option incentives (treatment group) and founder-led firms that were not affected as strongly by FAS 123R, in that they did not reduce stock option incentives as much (control group). This setting allows us to apply Difference-in-Differences (DiD) analysis.
In line with Hayes et al. (2012) and Mao and Zhang (2018) , we first expect the use of stock options to decrease, and this would provide insight into the risk-taking incentives of founderCEOs. Further, we hypothesize that this change in risk behavior influences innovation output.
Even though, we do not directly compare founder-led and non-founder-led firms, we assume that this effect on innovation is different for the previously mentioned types of firms. On the one hand, this may be explained by the fact that founder-CEOs may have insider information about the prospects of their firms, and, thus, founders are able to plan options differently than agent-CEOs (Anderson & Reeb, 2003) . On the other hand, founder-CEOs tend to become less influenced by managerial incentives as they continue to devote resources to their firm, whereas the opposite is true for non-founder-CEOs (Palia, Ravid, & Wang, 2008) . To capture innovation activity, we follow the standards in the literature and use R&D expenditures as a proxy for innovation input and both patent counts and number of citations as innovation output.
We construct our sample with information on executive compensation from ExecuComp, firm characteristics from Compustat and patent data from the National Bureau of Economic Research (NBER), the Fung Institute, and the United States Patent and Trademark Office (USPTO; Balsmeier, Fleming, & Manso, 2017) . Our final sample consists of 266 founder-led firms in the manufacturing sector during 2002 -2008 . First, we directly compare the post-FAS 123R and pre-FAS 123R period and confirm that a substantial change in stock options occurred because of the FAS 123R. Then, we confirm the notion that a significant positive relationship exists between a founder's risk-taking incentives and innovation input. Lastly, we apply a DiD approach and identify the differential effect across two groups that are differently impacted by the reform. We find significant differences in innovation output between the treatment and control group, and we assume that the reduced innovation in the treatment group is a causal consequence of these founder-CEOs decreasing their risk-taking behavior after FAS 123R.
Our paper contributes to the literature in several ways. First, we add to the various studies that have examined the usage of stock options in compensation contracts for CEOs, executives, and non-executive employees (Core & Guay, 2001; Core & Guay, 1999; Kole, 1997; Smith & Watts, 1992; Yermack, 1995) and we offer results for a specific subgroup of CEOs, namely founder-CEOs. Hence, we also contribute to the literature on founder-CEO. We validate that for founder-CEOs, stock options do, in fact, represent incentives for risk-taking behaviour, and we add empirical evidence to the debate on the relationship between VEGA and risk-taking.
Additionally, our study contributes to the recent stream of research using the FAS 123R as an exogenous shock and investigates the causal effect of option-based compensation on innovation. Our study is closely related to Mao and Zhang (2018) , but we focus on a specific subgroup of CEOs, namely founder-CEOs.
The paper proceeds as follows: The next section provides detailed information on the institutional background and, thus, the FAS 123R. Section 3 describes the used data and summary statistics. Our empirical approach and main results are presented in Section 4. Finally, Section 5 concludes.
Institutional Background and Identification Strategy
In 2014, the Financial Accounting Standards Board (FASB) issued the Financial Accounting Standard (FAS) 123R, a revision and advancement of the previously applied accounting standards for based compensation FAS 123. Under the new guidelines, which took effect in December 2005, firms are required to expense their executive stock options at fair value, whereas prior to the revised version of FAS 123, stock options were only voluntarily expensed at their fair value; they were more often expensed at their intrinsic value. Hence, before the revision, compensation with stock options was viewed as a hidden source of income, which appeared in the financial income statements only in a footnote. Since this was associated with accounting advantages from companies' points of view, nearly all firms granted stock options. The main advantages came from the fact that the intrinsic value method allowed firms to issue options by granting them exercise prices equal to or higher than the grant-date market price of the underlying stock. Thus, firms were previously incentivized not to report expenses for the option- The effects of FAS 123R have been analyzed on different variables such as payout policy (Ferri & Li, 2016) , risk incentives (Hayes et al., 2012) or innovation of agent-CEO-led firms (Mao & Zhang, 2018) , as the FAS 123R provides a unique setting to overcome challenges in endogeneity. The change in accounting treatment associated with the FAS 123R leads to an exogenous shock in stock option compensation, hence, in executive compensation. The new regulation made accounting treatment changes necessary. We suppose that option pay for founder-CEOs decreased in the post FAS period, as occurred for agent-CEOs, shown by e.g. Hayes et al. (2012) or Mao and Zhang (2018) .
Theoretical studies about executive compensation show that stock options provide incentives for CEOs to take more risk -using options helps structure executive compensation as a more convex function of firm performance, which is in the interest of shareholders. Further, option payment is positively associated with the CEO's expected wealth, as expected wealth is an increasing function of volatility (Smith & Stulz, 1985) . Guay (1999) confirms the findings of Smith and Stulz (1985) and concludes that option pay is positively related to risk-taking activities such as investments in R&D. We reviewed this statement for our subgroup of interest and show that also for founder-CEOs there is a significant relationship between option payment and risk-taking incentive (VEGA).
1 Accordingly, we assume the impact chain to be as shown in Figure 2 . Coles, Daniel, and Naveen (2006) find similar results and also show that there is a causal relationship between the convexity in CEO's compensation and R&D expenditures. Consistent with those studies, Figure 3 illustrates the trend in the development of option compensation for the target group of our study, founder-CEOs. We observe a clear reduction in the option pay of founder-CEOs in response to the regulatory changes associated with FAS 123R.
Our empirical setup identifies the relationship between founder-CEO compensation and innovation because we compare companies having implied option expenses above and below the sample median prior to FAS 123R. By classifying the two groups in this way, we follow Hayes et al. (2012) and Mao and Zhang (2018) who argue that firms with implied options (scaled by fully diluted shares) above the sample median between 2002 and 2004 (firms with high accounting impact) should respond more to changes associated with FAS 123R than firms below the sample median (firms with low accounting impact). As described above, the changes stemming from the FAS 123R mainly affected the option compensation of executives, such that a change in the founder-CEOs' VEGA occurred, which, consequently, lessened CEOs' willingness to take on risky investments (e.g. in innovation activities). We follow the previously mentioned authors and define founder-led firms with a high accounting impact as the treatment group, whereas we define founder-led firms with a low accounting impact as the control group.
Sample Selection, Variable Construction and Summary Statistics

Sample Selection
We obtained the main data for founder-CEO compensation from ExecuComp and used several other databases to construct our final sample. Starting with ExecuComp, we defined founderCEOs as CEOs who also founded their company and, thus, have both founder and CEO written in their job title. We further validated the founder indicator and checked the proxy statement of each firm in our sample to ensure that the firm is truly founder led. As consequence, we eliminated from our sample eight firms that were initially defined as founders by ExecuComp. By definition, founder-led firms are relatively young firms, which led to a relatively homogenous sample of firms. For the founder-CEO of each, firm we collected information on their salary, bonuses, grants of stock options, grants of restricted stock and long-term incentive awards. We followed similar studies by only considering the manufacturing sector (two-digit SIC codes 20 -39). To measure managerial incentives, we considered DELTA and VEGA: DELTA is defined as the dollar change in an executives' annual compensation to changes in stock price, and VEGA is measured as the expected rate of change in an option's value for a one-unit change in implied volatility; thereby, VEGA reflects executives' incentives for engaging in risk-taking behavior (Coles et al., 2006; Core & Guay, 1999) . Next, we included information on innovation activity through using data on patents and citations from the NBER Patent Citation database and UC Berkeley -Fung Institute for Engineering Leadership (Balsmeier et al., 2017) and the corresponding assignee Match by Kogan et al. (2017) . For further controls, we supplemented our sample with accounting/financial information from Compustat and stock returns data from CRSP. We also added information on a firm's age by hand-collecting data on the founding year.
Relying on Hayes et al. (2012) , we defined the fiscal years after 2005 as the beginning of the post FAS-123R period and required all firms in our sample to have more than one year of data in the pre and post-FAS 123R period.
Variable Construction
Regarding the time period of interest, we faced a major challenge with the data, as the reporting requirements for executive compensation changed for fiscal years ending after December 15,
2005. Under the new disclosure rules, firms report the details of option and equity awards in two newly introduced tables, namely the plan-based awards and outstanding equity awards table. Furthermore, under the new requirements, the compensation components for bonuses are redefined as non-equity incentive compensation. As we are particularly interested in whether and how the components of executive compensation changed during 2002 -2008, we followed the example of Hayes et al. (2012) and Mao and Zhang. (2018) to define our variables of interest consistently across the two different reporting requirements (for details, see the Appendix of Hayes et al., 2012) . To calculate the Black-Scholes value of options and, in general, to obtain company details, we merged the ExecuComp data with the Center for Research in Security Prices (CRSP) and Compustat. We closely followed the description on WRDS-Compustat and by Hayes et al. (2012) to calculate the Black-Scholes value of options using information about the exercise price and option term from ExecuComp, the annual stock price volatility computed as the yearly 60-month rolling, and the annual dividend yield computed from Compustat averaged over the current year and two prior years. We winsorized volatility at the 5th and 95th
percentiles. Building on previously explained calculations, we also calculated DELTA and VEGA. 2 We winsorized managerial incentives at the 1th and 99th percentiles.
In this study, we distinguished the innovation activities of the firms in our sample with two specific key figures: investment in R&D and the number of patents. We also used forward citations to measure the quality of patents granted by the USPTO.
As coined by Hall, Jaffe and Tratjenberg (2005) , the use of R&D expenditures as an investment activity is widely understood as the firm's "knowledge stock". In practice, at least 50% of investments in R&D are in the form of salaries for highly qualified employees or scientists. These scientists generate profits for the firm through their knowledge, which, in the long term, represents intangible assets (Hall & Lerner, 2010) . Hence, we use investments in R&D scaled by total assets on the innovation measure ( _ ).
As a further proxy for innovation, we also measured the patenting activities of our firms using the patent database by Balsmeier et al. (2017) . More precisely, we counted the number of patent applications by firm filed in a given year. This proxy is commonly used as a measure for innovation quantity (e.g. Balsmeier et al., 2017; Hall et al., 2005; Mao & Zhang, 2018) . We followed Hall et al. (2001) and considered the number of patents in their application year instead of using the actual year the patent was granted. Further, we controlled for patent quality using the number of citations each patent received in the following years.
Then, we merged the patent data with our firm data. For firms where we could not observe any patent activities (i.e. when firm-year observations had missing values for patent variables), we set the patent counts to zero because our patent data contains all patents that have ever been filed with the USPTO. Appendix 2 and 3 show that the distribution of patents and citations are extremely right-skewed; therefore, we used the natural logarithm of one plus the number of patents ( ( + 1)) and citations ( ( + 1)). We winsorized these variables at the 99th percentile and considered them as our main measures of innovation output. In Panel B of Table 1 , we compare the relevant variables of the pre-and post-FAS 123R period.
Summary Statistics
There was an apparent difference in founder compensation before and after the adoption of FAS 123R. The average proportion of stock options making up total compensation dropped from 61 percent before FAS 123R to 33 percent after FAS 123R. In contrast, the value of bonuses and restricted stocks increased after the introduction of the FAS 123R. Comparing these two periods, there were also changes in managerial incentives and innovation activities. The average VEGA of founder-CEOs increased from 39 prior to FAS 123R to 47 after it was adopted; however, the median value of VEGA increased only slightly. Also, the average DELTA increased from 174 to 191. 
Empirical Analysis
Methodology
We start with pooled OLS regressions using a sample of 255 firm-year observations during (2) are defined as in equation (1). We present the results of equations (1) and (2) in Tables 2 and   3 .
In the next step, we aim to identify the causal effect and basically estimate a DiD model. We estimate the difference between firms that responded more strongly to the accounting regulation (treatment group) and the firms that had a low accounting impact (control group). 3 The formal DiD is given by the following equation:
is a binary that equals one for post-FAS 123R periods and zero otherwise. This variable controls for changes that affected all firms, regardless of any treatment. The dummy variable equals one for the treatment group and zero for the control group. Hence, 2 captures the differences between the treatment and control groups. The interaction term between the latter two variables measures the difference between both groups in the post-FAS 123R
period. If we assume that option payment is only higher for the treatment group but follows a parallel trend prior to FAS 123R, then 3 captures the causal impact of firms having high accounting to firms having low accounting impact and should have a negative sign. As in equations (1) and (2), all regressions are estimated with = , + 1, + 2.
Baseline OLS Results
We start with our baseline OLS regressions of equation (1) and present the results in Table 2 .
Of particular interest is the extent to which the managerial incentives affect decisions to invest in innovation input, _ . Since investments in innovation are often expected to be delayed, we consider the current year as well as the two following years + 1, and + 2 in the regression analysis. In columns (1) to (3) of our baseline OLS regressions, we find that the risk-taking incentive VEGA is only statistically significant in year . Following recent literature, we set investments in R&D to zero if a firm's R&D recording in Compustat was missing. Koh and Reeb (2015) document that firms with missing R&D expenditures are not necessarily firms without any innovation activities, as they can still generate innovation output like patents. Thus, our results in columns (1) to (3) are very likely to be biased. To overcome a possible selection bias, we followed Koh and Reeb (2015) and estimate a Heckman selection model. To estimate this model, we create a dummy variable equal to one for firms that reported investments in R&D and zero otherwise. For the Heckman selection model, this dummy is the dependent variable, and the right-hand-side variables are equal to those of equation (1). Further, all models contain year fixed effects.
The results of our selection models provide some new insights. First, the inverse Mills ratio indicates that our baseline OLS results are negatively biased. Second, managerial risk-taking is positively associated with investments in R&D in year and + 2. The results of Table 2 give a first indication that managerial risk-taking incentives are positively associated with innovation input. However, innovation output, measured as patents and patent citations, is of central interest for our study. Hence, the results of equation (2) are reported in Table 3 . In columns (1) to (3), the results for the dependent variable ( + 1) can be found. The results show positive values and in all three columns statistically significant coefficients at the p<0.01 level for VEGA.
When we focus on citations in columns (4) to (6), we also find positive and significant coefficients for CEOs' risk-taking incentives across all models. In all columns of Table 3 , we find that as VEGA grows larger, the innovation output increases. Expressed in figures, this means that a change from ln(VEGA+1) 25% to 50% percentile leads to an 82% increase in number of patents (1.42×0.581) and a 124% (1.42×0.878) increase in number of citations. If we consult Harhoff et al.'s (1999) study, our results seem economically relevant. That study surveyed German patent holders to determine what price they would assign to their patent rights, it found that the number of citations was positively correlated with the patent holders' estimated value of their patent. In summary, our results so far show a positive association between managerial risk-taking behaviors and both innovation input and output. . Dependent variables for year , + 1 and + 2 are defined in Section 4.1. Control variables are defined in Section 3.3. Robust standard errors clustered at gvkey level in parentheses. Coefficients: *** Significant at 1% level, ** Significant at 5% level, * Significant at 10% level.
Difference-in-Differences Results
Overall, we find strong evidence that a change in VEGA causes significant and positive changes in both innovation input and output. However, based on the models used to estimate results in Table 1 and 2, it is worth noting that the results are very much likely to be biased due to unobserved heterogeneity and the violation of the strict exogeneity assumption. To overcome these issues, we employ a DiD approach. This approach will identify a causal effect of FAS 123R on both innovation input and output, if the parallel assumption holds. This assumption requires that in the absence of a treatment, the treatment and control groups must show similar trends in the dependent variables. So far, we have shown that FAS 123R reduced the option remuneration of all founder-CEOs. Furthermore, Figure 4 shows that the FAS 123R amendment was also an exogenous shock to managerial risk-taking behavior because VEGA followed a positive trend until 2005 but showed a negative slope from 2005 onwards. Taken together, these observations indicate that the parallel assumption is valid.
The results of our DiD regressions are reported in Table 4 . The estimations for = indicate that FAS 123R had no effect on both innovation input and output. Across all dependent variables, the results for year are statistically insignificant. It should be mentioned, though, that while the FAS 123R had no causal effect on our innovation measures in the short term, this is not surprising; as mentioned above, innovations need time to develop. In year + 1, we find negative signs for our innovation output variables ( + 1) and ( + 1), with only the first being statistically significant at the 10% level. This indicates that the treatment groups' innovation output was more negatively affected by FAS 123R than the control groups'. In the second year after the implementation of FAS 123R, we find negative and statistically significant results for both patents and citations. The coefficients of the interaction terms in column (8) and (9) show that founder-led firms in the treatment group reduced their innovation output by 66% and 94% (depending on the innovation output variable being considered) compared to the control group in year 2 after FAS 123R. Our findings in Table 4 support the assumption that in founder-led firms, there is a causal relationship between the founders' risk-taking incentive and innovation output. 
Validity of the Difference-in-Differences Approach
As mentioned above, the DiD approach is subject to the condition that in the absence of a treatment, the treatment and control groups will follow the same trend in their dependent variables.
Because we did not find significant results for the innovation input, _ , we do not further examine the common trend assumption for this dependent variable. With respect to ( + 1) and ( + 1), we plotted their means in year over time in Figure To further prove the validity of our approach, we perform a placebo test. For this test, we have to assume that the exogenous shock happens at a different time. We assume the shock to be in 2001 and set a new dummy, , that equals one for observations after the placebo shock and zero otherwise. The results are given in Table 5 and indicate that there is no significant effect of the interaction term in any of the regressions. codes: 20-39) . Dependent variables for year , + 1 and + 2 are defined in Section 4.3. Control variables are defined in Section 3.3. Robust standard errors clustered at gvkey level in parentheses. Coefficients: *** Significant at 1% level, ** Significant at 5% level, * Significant at 10% level.
In addition, we perform a robustness test in which we change the treatment and consider the treatment definition from Ferri and Li (2016) . They define firms as treated if they have implied option expenses scaled by total assets that are above the sample median in year 2002. Accordingly, firms below the median are defined as the control group. Estimation results can be found in Appendix 4, which also show statistically significant coefficients for our main variable of interest × . The robustness check confirms our results and supports the view that innovations in founder-led firms are driven by risk-taking incentives.
Discussion and Concluding Remarks
This paper evaluates whether the incentives (stock options) for founder-CEOs to engage in risktaking behavior drive innovation activity. To establish causality, we exploit a change in the accounting treatment of stock options. The implementation of the FAS 123R led companies to decreases their practice of offering stock options as part of the managers' compensation. Using a sample of founder-led firms in the manufacturing sector, our results of the DiD analysis show that there is a causal relationship between the implementation of FAS 123R and a reduction of innovation output in founder-led firms. We show that stock options are incentives that encourage founder-CEOs to engage in risk-taking behavior. Therefore, this reduction caused them to reduce their risk-taking behaviors, which, resulted in reduced innovation. Thus, as VEGA declines innovation output decreases. We also examined R&D investments in this context, but we find no significant relationship between risk-taking incentives and innovation input. We conducted several robustness checks to confirm our findings. Further, we used a different definition of the treatment condition to rule out the possibility that our results were driven by the differentiation between treatment and control groups.
In accordance with Mao and Zhang (2018) , our results imply that the incentives promoting CEOs to take risks are crucial for firm innovation. However, in contrast to the results by Mao and Zhang (2018) , who conducted a similar analysis for an unspecified sample, our coefficients are more than two times larger. Our results indicate that the firms more affected by the FAS 123R (treatment group) reduced their innovation output by about 66%, this suggests that it is important to motivate founder-CEOs. This leads to the conclusion that even though there may be huge differences between agent-and founder-led firms, when considering risky, explorative innovations even founder-led firms must maintain risk-adjusted components as part of executives' compensation.
We need to remark that we dealt with truncated patent data. Usually, there exists a delay between the application of a patent and it grant date; in fact, it takes several years until the exact number of patents granted in a particular period can be reported. However, for the analysis we were interested in the patent application date, as this is expected to be closer to the actual innovation time than the grant date. As we have this data for all firms and we control for year fixed effects, this should not bias our results. Further, it should be noted that not all innovations can be accounted for via patent applications (Hall et al., 2005) .
Summing up, this study provides a deeper understanding of the risk-taking behaviour of founder-CEOs. We found that our measure of risk-taking incentives (VEGA) is significantly associated with firms' innovation output. Further, VEGA was strongly negatively affected by FAS 123R, which we found to have a causal influence on the decline in founder-led firms' patenting activities. All in all, we found that in even founder-led firms it is important to incentivize founders' risk-taking behavior in order for firms to continue to innovate and remain competitive. (1) Cluster-robust standard errors clusterd at gvkey level given in parentheses. All regressions include a full set of year dummies. Regressions only include the manufacturing sector (SIC2 codes: 20-39). Dependent variables for year , + 1 and + 2 are defined in section 4.3. Control variables are defined in section 3.3. Coefficients: *** Significant at 1% level, ** Significant at 5% level, * Significant at 10% level.
